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^ (57) Abstract: To determine the mean density of a fluid flowing along a hydrocarbon well (12), the pressure difference between two 
^ regions (HI, Bl; H2, B2) situated in the vicinities of the bottom generator line and the top generator line of the well is measured. 

To this end, a pressure sensor (24, 26) is placed on a tube (28, 30) whose ends open out into the above-mentioned regions, the tube 
Q being mounted on an arm (20, 22) that is hinged to the body (14) of the apparatus. The inclination of the straight line joining the two 
^ pressure take-off regions (HI, Bl; H2, B2) is also determined. The desired mean density is calculated from the measured pressure 
^ difference and from the determined inclination. 
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A METHOD AND APPARATUS FOR DETERMINING THE MEAN DENSITY 
OF A FLUID FLOWING IN A HYDROCARBON WELL THAT IS INCLINED 
OR HORIZONTAL 

DESCRIPTION 

Technical field 

The invention relates to a method designed to 
determine the mean density of a fluid flowing in a 
hydrocarbon well that is in production, when said well is 
inclined or horizontal. 

The invention also relates to apparatus for 
implementing the method. 

State of the art 

A conventional technique for determining the mean 
density of a fluid flowing in a hydrocarbon well in 
production consists in measuring the difference in 
pressure that exists between two points that are 
substantially in alignment parallel to the axis of the 
well and that are spaced part from each other along said 
axis. For a given distance in a vertical direction 
between the two pressure take-off points, the measured 
pressure difference is proportional to the mean density 
of the fluid. 

In practice, that technique is implemented by means 
of apparatus comprising a tool body lying on the axis of 
the well or parallel thereto. The tool body supports, 
parallel to its axis, a tube that is open at both ends, 
thus constituting the pressure take-off points. A sensor 
placed inside the tube measures the pressure difference 
between its two ends. By way of example, the sensor can 
be constituted by a deformable membrane whose opposite 
faces come into contact with the well fluid as admitted 
via the two open ends of the tube. 

In such conventional apparatuses, the distance 
between the pressure take-off points depends on the 
resolution of the sensors used. In early apparatuses 
using that measurement technique, the poor resolution of 
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the sensors available required a minimum distance of 
about 60 cm. ThiB distance has generally been maintained 
ever since, even though sensors are now available of 
significantly higher performance. 

Conventional apparatuses made in that manner provide 
results which are satisfactory when they are used in 
wells that are vertical or of small inclination. 
However, they are unusable in wells that are horizontal 
or that present a very high degree of inclination. 

Summary of the invention 

An object of the invention is to provide a method 
whose original design enables the mean density of a fluid 
flowing in a hydrocarbon well in production to be 
determined when the well is greatly inclined or even 
horizontal . 

In accordance with the invention, this result is 
obtained by means of a method of determining the mean 
density p ra of a fluid flowing along a hydrocarbon well 
that is inclined or horizontal, the method being 
characterized in that it consists in measuring the 
pressure difference AP between two regions situated close 
to the bottom and top generator lines of the well, in 
determining the inclination relative to the vertical of 
the straight line joining said regions, and in deducing 
the desired mean pressure p m from the measured pressure 
difference and from the determined inclination. 

Because the pressure take-off points are situated 
close to the bottom and top generator lines of the well, 
the spacing between them in a vertical direction is 
substantially equal to the diameter of the well when the 
well is horizontal or greatly inclined. The resolution 
of presently-existing sensors is then high enough to be 
capable of determining the mean density of the fluid with 
the required accuracy. 

In order to make measurements easier in a non- 
horizontal well, said pressure difference AP is measured 
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between two regions that are offset from each other 
parallel to a longitudinal axis of the well. 

In the preferred embodiment of the invention, the 
pressure difference is measured between the two ends of a 
tube opening out into each of the above-mentioned 
regions . 

In which case, it is advantageous to install the 
tube on an arm that is deployed substantially on a 
vertical midplane of the well so that the ends of the 
tube are placed close to the bottom and top generator 
lines of the well. 

Preferably, the inclination relative to the vertical 
of the straight line joining together the above-mentioned 
regions is determined by measuring the inclination of the 
well relative to the vertical and the inclination of said 
straight line relative to the well. 

The invention also provides apparatus for 
determining the mean density p m of a fluid flowing along a 
hydrocarbon well that is inclined or horizontal, the 
apparatus being characterized in that it comprises 
pressure measurement means for measuring the pressure 
difference AP between two regions situated in the 
vicinities of the bottom generator line and of the top 
generator line of the well, and inclination measuring 
means for determining the inclination of the straight 
line joining said regions, so as to be able to deduce the 
mean density of the fluid from the pressure difference as 
measured by the pressure measuring means and from the 
inclination as determined by the inclination measuring 
means . 

When it is desired to perform redundant measurement, 
the apparatus has a body with two arms hinged thereto, in 
two different orientations. Each arm then carries a 
distinct tube associated with separate pressure -measuring 
means . 
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Brief description of the drawing 

A preferred embodiment of the invention i9 described 
below by way of non-limiting example with reference to 
the accompanying drawing in which the sole figure is a 
5 diagrammatic longitudinal section through apparatus 

designed to measure the mean density of the fluid flowing 
in a well that is greatly inclined. 

Detailed description of a preferred embodiment of the 
10 invention 

The figure shows, highly diagrammatically , apparatus 
10 placed in a hydrocarbon well 12 in production. More 
precisely, the portion of the well 12 containing the 
apparatus 10 is greatly inclined. 

15 The apparatus 10 shown diagrammatically in the 

figure is designed to determine the mean density of the 
fluid flowing in the well 12. It may optionally be 
associated with other data acquisition apparatuses (not 
shown) and may have additional sensors which do not form 

20 part of the invention. 

The apparatus 10 of the invention, and any other 
apparatuses that may optionally be associated therewith, 
is connected to a surface installation (not shown) by 
means of a cable or a flexible rod. The data acquired by 

25 the apparatus 10 is either recorded, or else transmitted 
in real time to the surface installation, by telemetry, 
via the cable or the rod. 

The apparatus 10 of the invention comprises a 
cylindrical body 14 whose diameter is significantly 

30 smaller than the inside diameter of the well 12. The 

body 14 supports a hinged mechanism 16 suitable for being 
deployed in a plane that contains the longitudinal axis 
of said body. 

In the embodiment shown in the figure, the mechanism 
35 16 comprises a tubular shoe 18 and two hinged arms 20 and 
22 connecting the shoe 18 to the body 14. The structure 
of the mechanism 16 constituted in this way is such that 
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the body 14 and the tubular shoe 18 are pressed against 
diametrically opposite generator lines of the well 12 
when the mechanism is deployed. 

The mechanism 16 can also occupy a retracted state, 
in which the tubular shoe 18 is folded against the body 
14 of the apparatus or is retracted into a housing 
provided for this purpose in the body 14 . 

To enable the mechanism 16 to pass from its 
retracted state to its deployed state, and vice versa, 
the arm 22 closer to the bottom of the well is hinged at 
both ends, respectively to the body 14 and to the tubular 
shoe 18. A first end of the arm 20 that is closer to the 
surface is hinged to the tubular body 18, while its 
opposite end is suitable for moving parallel to the 
longitudinal axis of the body 10 under drive from a motor 
(not shown) housed in the body 14. 

In a variant embodiment (not shown) , the arms 20 and 
22 can be replaced by spring blades which serve to deploy 
the mechanism automatically when the apparatus is 
inserted into the well. 

When the apparatus 10 is placed in a well that is 
inclined or horizontal, the body 14 automatically comes 
to rest on the lower portion of the well, i.e. against 
the bottom generator line thereof, as shown in the 
figure. When the mechanism 16 is deployed, it therefore 
automatically occupies the entire diameter of the well 
above the body 14 in a vertical plane that contains the 
longitudinal axis of the well. 

In a variant, it is possible to fit the body 14 of 
the apparatus with a magnetic device. This device then 
co-operates with the metal casing 13 lining the inside of 
the well 12 so as to guarantee that the body 14 is 
properly oriented in the above-specified vertical plane. 

In accordance with the invention, the apparatus 10 
is fitted with means for measuring the pressure 
difference between two regions respectively situated 
close to the bottom generator line and close to the top 
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generator line of the well 12. In the embodiment shown, 
these means are duplicated so as to perform measurement 
in redundant manner. 

More precisely, the apparatus 10 has two sensors 24 
and 26 housed in the body 14. Each of the sensors 24 and 
26 measures the pressure difference between the open ends 
of a corresponding tube 28 or 30. 

The tube 28 extends along the arm 20 and passes 
through the body 14 and also through the tubular portion 
18 so that its ends open out into regions Bl and HI 
situated respectively in the immediate vicinities of the 
bottom generator line and of the top generator line of 
the well. 

In comparable manner, the tube 30 runs along the arm 
22 and passes through the body 14 and also through the 
tubular shoe 18 so as to open out at its ends in two 
regions B2 and H2 situated respectively in the immediate 
vicinities of the bottom generator line and of the top 
generator line of the well. 

The sensors 24 and 26 placed in the tubes 28 and 3 0 
respectively can be constituted by any sensor suitable 
for measuring the pressure difference to be found between 
the regions HI and Bl and between the regions H2 and B2 . 
Suitable sensors include, in particular, deformable 
diaphragm sensors or any sensor having sufficient 
resolution. 

It should be observed that the regions HI and Bl 
into which the tube 28 open out are offset parallel to 
the axis of the well. More precisely, the region HI 
situated in the immediate vicinity of the top generator 
line of the well is closer to the bottom of the well than 
is the region Bl situated in the vicinity of the bottom 
generator line of the well. 

The regions H2 and B2 into which the tube 30 open 
out are also offset parallel to the axis of the well. 
Thus, the region B2 is closer to the bottom of the well 
than is the region H2 . 
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The apparatus 10 of the invention also has three 
detectors 32, 34, and 36 housed within the body 14 of the 
apparatus . 

The detector 32 measures the inclination a of the 
well 12 relative to the vertical, i.e. the inclination of 
the axis of the body 14 relative to the vertical. It can 
be constituted by any detector suitable for performing 
this function. 

Each of the detectors 34 and 36 serves to measure 
the respective inclinations 9l and 02 of the arms 20 and 
22 relative to the axis of the well 12, i.e. relative to 
the longitudinal axis of the body 14. They can be 
constituted by any detector suitable for performing this 
function. 

The various measurements performed by the sensors 24 
and 26 and by the detectors 32, 34, and 36 are recorded 
and/or transmitted to the surface installation. They are 
used for calculating the mean density of the fluid 
flowing along the well. For each of the two pressure 
measurements performed by the sensors 24 and 26, the mean 
density p m of the fluid is calculated using the following 
equation: 

AP = p m x g x h 

where : 

• AP represents the pressure difference as measured 
by the sensor 24 or 26; 

• g represents the acceleration due to gravity; and 

• h represents the distance between the pressure 
take-off regions measured parallel to the vertical. 

For the pressure measurement performed by the sensor 
24, the distance h between the regions HI and Bl is 
determined from the inclinations a and 01 as measured by 
the detectors 32 and 34. 

For the pressure measurement performed by the sensor 
26, the distance h is calculated from the inclinations a 
and 02 measured by the detectors 32 and 36, 
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The redundant nature of the measurements performed 
in the embodiment described makes it possible to be sure 
that at least one of the distances h over which the 
measurements are performed is at least substantially 
equal to the diameter of the well, regardless of the 
direction of its inclination. It is thus possible to 
determine the mean density of the fluid with good 
accuracy, even in a well that is greatly inclined or even 
horizontal . 

Naturally, the invention is not limited to the 
embodiment described above. Thus, a simplified apparatus 
could have only one pressure measuring sensor, e.g. the 
sensor 26 as shown in the figure. 
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CLAIMS 

1/ A method of determining the mean density p m of a fluid 
flowing along a hydrocarbon well (12) that is inclined or 
horizontal, the method being characterized in that it 
consists in measuring the pressure difference AP between 
two regions (HI, Bl; H2, B2) situated close to the bottom 
and top generator lines of the well, in determining the 
inclination relative to the vertical of the straight line 
joining said regions, and in deducing the desired mean 
pressure p m from the measured pressure difference and from 
the determined inclination. 

2/ A method according to claim 1, in which said pressure 
difference AP is measured between two regions (HI, Bl; 
H2, B2) that are offset from each other parallel to a 
longitudinal axis of the well (12) . 

3/ A method according to claim 1 or 2, in which said 
pressure difference AP is measured between two ends of a 
tube (28; 30) opening out into each of said regions (HI, 
Bl; H2, B2) . 

4/ A method according to claim 3, in which the tube (28; 
30) is implanted on an arm (20, 22) which is deployed 
substantially in a vertical midplane of the well (12) in 
such a manner that said ends are placed in the vicinities 
respectively of the bottom generator line and of the top 
generator line of the well. 

5/ A method according to any preceding claim, in which 
the inclination (a) of the well (12) relative to the 
vertical is measured and the inclination (81, 92) of said 
straight line relative to the well is measured, from 
which the inclination relative to the vertical of the 
straight line is deduced. 
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6/ Apparatus for determining the mean density p ra of a 
fluid flowing along a hydrocarbon well (12) that is 
inclined or horizontal, the apparatus being characterized 
in that it comprises pressure measurement means (24, 26) 
5 for measuring the pressure difference AP between two 
regions (HI, Bl; H2, B2) situated in the vicinities of 
the bottom generator line and of the top generator line 
of the well, and inclination measuring means (32, 34, 36) 
for determining the inclination of the straight line 
10 joining said regions so as to be able to deduce the mean 
density (p m ) of the fluid from the pressure difference as 
measured by the pressure measuring means (24, 26) and 
from the inclination as determined by the inclination 
measuring means (32, 34, 36). 

15 

7/ Apparatus according to claim 6, in which the pressure 
measuring means (24, 26) measure said pressure difference 
AP between two regions (HI, Bl; H2, B2) that are offset 
from each other parallel to a longitudinal axis of the 
20 well. 

8/ Apparatus according to claim 6 or 7, in which the 
pressure measuring means (24, 26) measure the pressure 
difference between two ends of a tube (28, 30) opening 
25 out into each of said regions (HI, Bl; H2, B2) . 

9/ Apparatus according to claim 8, comprising a body (14) 
suitable for being received in the well substantially 
parallel to the axis of the well, and at least one arm 

30 (20, 22) hinged to the body (14) and suitable for being 

deployed in the well substantially on a vertical midplane 
thereof, said arm (20, 22) carrying the tube (28, 30) in 
such a manner that the ends of the tube are placed in the 
vicinities respectively of the bottom generator line and 

35 of the top generator line of the well. 
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10/ Apparatus according to claim 9, in which the 
inclination measuring means comprise a first detector 
(32) suitable for measuring the inclination (a) of the 
well relative to the vertical, and a second detector (34, 
5 36) suitable for measuring the inclination (01, 92) 

relative to the body (14) of the straight line joining 
the ends of the tube (28, 30). 

11/ Apparatus according to claim 9 or 10, in which two 
10 arms (20, 22) are hinged on the body (14) in different 
orientations, each arm carrying a distinct tube (28, 30) 
associated with separate pressure -measuring means (24, 
26) . 
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